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Description 

[0001] The invention is directed to a catalyst useful to 
reduce nitrogen oxides in an oxidising atmosphere 
(lean-burn operation), such catalysts are often termed s 
"Selective Reduction Catalysts" (SRC). The catalyst 
comprises zeolite and contains rhodium in two forms: 
metallic particles and ion-exchanged species, the zeo- 
lite being stabilised with a material like lanthanum oxide 
or other rare earth oxides. 

[0002] Catalysts are employed in the exhaust sys- 
tems of automotive vehicles to convert carbon monox- 
ide, hydrocarbons, and nitrogen oxides (NOx) produced 
during engine operation into non polluting gases. When 
the engine is operated in a stoichiometric or slightly rich 
air/fuel ratio, i.e., between about 14.7 and 14.4, cata- 
lysts containing precious metals like palladium and rho- 
dium are able to efficiently convert all three gases simul- 
taneously. Hence, such catalysts are often called "three- 
way" catalysts. 

[0003] EP-A-0.634.393 describes a catalyst for the 
catalytic reduction of nitrogen oxides comprising a zeo- 
lite and rare earth metal and mentions the impregnation 
and ion exchange with rhodium and a reduction step in 
the catalyst preparation. 

[0004] EP-A-0.485. 1 80 refers to a catalyst for the pu- 
rification of exhaust gas comprising a zeolite which is 
ion-exchanged with rhodium. Rare earth metal com- 
pound may also be present. 

[0005] KUCHEROV A V ET AL: "In situ ESR study of 
RhHZSM-5 interaction with different compounds", Ml- 
CROPOROUS AND MESOPOROUS MATERIALS, US, 
ELSEVIER SCIENCE PUBLISHING, NEW YORK, vol. 
20, no. 4-6, 1 March 1998(1998-03-01), pages 355-362, 
XP004122540 ISSN: 1387-1811, relates to a rhodium- 
containing zeolite for exhaust gas catalysts produced by 
impregnation. This document mentions the reduction of 
Rh 2+ to Rh° in a reductive atmosphere. 
[0006] It is desirable, however, to operate gasoline 
engines under "lean-burn" conditions where the A/F ra- 
tio is greater than 14.7, generally between 19 and 27, 
to realise a benefit in fuel economy. Fuel efficient diesel 
engines also operate under A/F ratios greater than 19, 
generally 19-40. Such three-way catalysts are able to 
convert carbon monoxide and hydrocarbons but are not 
efficient in the reduction of NOx during lean-burn (ex- 
cess oxygen) operation. Efforts have thus been made 
in developing SRC in recent years. Such catalysts act 
to reduce the NOx through the use of hydrocarbons over 
a catalyst, the hydrocarbons being in turn oxidised. 
[0007] Often these catalysts are based on zeolite ma- 
terials containing a precious metal like platinum which 
can have major drawbacks. Among the most important 
are a narrow temperature range of operation and loss 
of activity (and sometimes physical integrity) under the 
hydrothermal conditions of automotive exhaust gases. 
For example, a zeolite material carrying platinum is gen- 
erally only active at a relatively low temperature, i.e., 



less than 250°C. At higher temperatures the competitive 
oxidation of the reductant hydrocarbon molecules by ox- 
ygen is so fast that the removal of NOx drops off precip- 
itously with rising temperature so as to make such cat- 
alyst inadequate for treating somewhat hotter exhaust 
streams. Conversely, when the active sites are transi- 
tion metal ions exchanged into the cationic sites of the 
zeolite, the onset of SCR activity begins at temperatures 
greater than 400°C, which renders the catalyst inactive 
for catalysis during a large portion of the necessary tem- 
perature range of the desired catalytic operation. And 
the stability of an automotive catalyst in dry gases is in- 
sufficient to assure the proper long-term function in the 
presence of steam, as is the case in automotive ex- 
haust. Exposed to such conditions the zeolite becomes 
"dealuminated" whereby the cationic sites where the di- 
valent exchanged ions are anchored are destroyed. 
[0008] The inventors found that these problems asso- 
ciated with conventional zeolites can be overcome with 
the catalyst of the present invention. In particular, the 
invention catalyst is a selective reduction catalyst, sta- 
bilised against dealumination and resistant to poisons 
such as sulphur dioxide and water vapour and active in 
the temperature range pertinent particularly to use in 
diesel powered vehicles and vehicles powered by other 
lean-burn power plants. 

[0009] The invention is a selective reduction catalyst 
useful for lean-burn exhaust gas treatment, the catalyst 
comprising: 

(a) zeolite having a Si02/AI 2 0 3 ratio between 20 
and 100; 

(b) rhodium in a total amount of 0.3 - 5.0 wt.% (pref- 
erably 0.5 to 3 wt. %) based on the weight of the 
zeolite, the rhodium being distributed in the zeolite 
in two forms: (i) small metal particles and (ii) ion- 
exchanged into the zeolite, where the amount of the 
rhodium particles is 3 to 4 times the weight of the 
ion-exchanged rhodium, and wherein the catalyst 
is essentially free of other monovalent or divalent 
metal ions; and 

(c) rare-earth ions having +3 or higher as a their pri- 
mary ionic valence, these ions acting to stabilise the 
zeolite, and being present in 2-10 wt.% based on 
the weight of the zeolite and being present in a 
weight amount at least five times the total weight of 
rhodium in the catalyst. 

[0010] In another aspect, the invention is directed to 
a method of treating lean-burn exhaust gases by having 
the gases contact the catalyst disclosed above. 
[001 1 ] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Fig. 1 is a graph of NO x conversion vs. temperature 
for a powder sample of a present invention catalyst 
of Example 1 containing 1 % Rh and 5% La in a sim- 
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ulated exhaust stream without water or S0 2 ; 
Fig. 2a is a graph of NO x conversion vs. Tempera- 
ture for the Example 1 powder sample catalyst in a 
simulated exhaust stream without water or S0 2 af- 
ter ageing (temperature upsweep); 
Fig. 2b is a graph of NO x conversion vs. Tempera- 
ture for the Example 1 powder sample catalyst in a 
simulated exhaust stream without water or S0 2 af- 
ter ageing (temperature downsweep); 
Fig. 3 is a graph of NO x conversion vs. Temperature 
for the Example 1 powder sample catalyst in a sim- 
ulated exhaust stream with 5.3% water; 
Fig. 4 is a graph of NO x conversion vs. Temperature 
for the Example 2 unreduced pelleted catalyst ac- 
cording to an embodiment of the present invention 
containing 1 % Rh and 5% La in a simulated exhaust 
stream without water or S0 2 ; 
Fig. 5 is a graph of NO x conversion vs. Temperature 
for the Example 2 reduced pelleted catalyst in a sim- 
ulated exhaust stream without water or S0 2 ; 
Fig. 6 is a graph of NO x conversion vs. Temperature 
for the pelleted Example 2 catalyst containing in a 
simulated exhaust stream without water and with 20 
ppm S0 2 ; 

Fig. 7 is a graph of NO x conversion vs. Temperature 
for the pelleted Example 2 catalyst in a simulated 
exhaust stream with 3% water and with 20 ppm 
S0 2 ; 

Fig. 8 is a graph of NO x conversion vs. temperature 
for the pelleted Example 4 catalyst according to an 
embodiment of the present invention containing 1% 
Rh and 5% Pr in a simulated exhaust stream without 
water and without S0 2 ; 

Fig. 9 is a graph of NO x conversion vs. temperature 
for the pelleted Example 4 catalyst in a simulated 
exhaust stream without water and with 20 ppm S0 2 ; 
and 

Fig. 10 is a graph of NO x conversion vs. tempera- 
ture for the Example 4 pelleted catalyst in a simu- 
lated exhaust stream with 1 0% water and with 20 
ppm S0 2 . 

[0012] The SRC disclosed above is particularly useful 
for lean-burn exhaust gas treatment of internal combus- 
tion engines, most particularly automotive vehicle en- 
gines where the A/F ratio of the engine is generally 
greater than 19, most often, 19-40. The fuel may be 
gasoline or diesel. It is particularly useful for the latter 
since diesel engines operate at lower temperatures and 
the present invention SRC has not only a broadened ac- 
tive higher temperature range, but also extends into the 
lower temperature range. 

[0013] The catalyst may be in a powder form or pel- 
leted solid form, each in its broadest aspect includes: 
zeolite; rhodium distributed in two distinct forms, small 
metallic particles and exchanged as isolated ions; and 
rare-earth ions. By small particles is meant herein that 
the rhodium metal particles are, on average, preferably 



10-500 nanometers in diameter, more preferably 20 to 
100 nanometers. 

[0014] Critical aspects of the invention include having 
the rhodium in two forms wherein the small metallic par- 

s tides form is in significant excess over the ion-ex- 
changed form, and a rare-earth stabilising element like 
lanthanum in a relatively high concentration, i.e., with 
the active catalyst element, rhodium, present at a rela- 
tively low concentration. Further, essentially no other 

10 monovalent or divalent exchangeable ions should be 
present as they may displace the Rh from the cationic 
positions. And in order that the stabilising ion as well 
should not interfere with the exchangeability of the rho- 
dium into the cationic sites of the zeolite, the stabilising 

15 jon should have as its most common oxidation state: +3 
or higher. 

[001 5] More particularly, the zeolite has a SiOg/AlgC^ 
ratio between 20 and 100 and can be selected from 
available and well known zeolites of this type, including 

20 but not limited to ZSM-5, other pentasil zeolites, offre- 
tites, mordenites and the like. Preferably, the SiOg/A^C^ 
ratio is between 30 and 80 to assure sufficient ex- 
changeable cationic sites and resistance to hydrother- 
mal effects. Also, the zeolite preferably has a particle 

25 size in the micron (one millionth of a meter) range. 
[001 6] As disclosed above, the catalytically active no- 
ble metal rhodium (Rh) is critically included in the 
present invention in two forms: (1 ) small metal particles, 
and (2) ions in cationic sites in the zeolite. We have 

30 found that this bimodal aspect of the rhodium in the SRC 
provides a widening of the temperature window during 
which the SRC is catalytically active for the nitrogen ox- 
ides conversion in the exhaust gas. The small metallic 
rhodium particles are active at the low-temperature end, 

35 starting at around 250°C while the exchanged, isolated 
rhodium active ions extend this range to at least 450° C 
which is the optimal range for diesel and other internal 
combustion power plants operating with lean fuel mix- 
tures. 

40 [0017] Rhodium is included in total in the invention 
catalyst in 0.3 - 5.0 wt.% as the total concentration of its 
two forms based on the weight of the zeolite. The cata- 
lyst can be a powder (generally washcoated on a sub- 
strate) or pellets, in each case the total rhodium concen- 

45 tration is 0.3%-5.0% (by weight). We believe that the ex- 
cellent reducing properties of the present invention cat- 
alyst towards NOx in an oxidising atmosphere are as- 
sociated with the use of rhodium. More particularly, rho- 
dium is believed to be less sensitive to deactivating sub- 

50 stances such as S0 2 or water than zeolitic catalysts with 
base metal active ingredients such as copper, cobalt or 
iron and yet is well anchored in the cationic exchange 
sites. 

[0018] As is known in the art, for useful application of 
55 the catalyst in an exhaust system, the catalyst will be 
deposited or washcoated on a substrate (mechanical 
carrier) made of a high temperature stable, electrically 
insulating material such as cordierite, mullite, etc. A me- 
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chanical carrier is preferably comprised of a monolithic 
magnesium aluminium silicate structure (i.e., cordier- 
ite), although the configuration is not critical to the cat- 
alyst of this invention. It is preferred that the surface area 
of the monolithic structure provide 50-1000 meter 
square per litre structure, as measured by N2 adsorp- 
tion. Cell density should be maximised consistent with 
pressure drop limitations and is preferably in the range 
of 200-800 cells per square inch of cross-sectional area 
of the structure. The substrate may be in any suitable 
configuration, often being employed as a monolithic 
honeycomb structure, spun fibres, corrugated foils or 
layered materials. Still other materials and configura- 
tions useful in this invention and suitable in an exhaust 
gas system will be apparent to those skilled in the art in 
view of the present disclosure. 

[0019] If the SRC is to be applied to the substrate, 
rather than being used in pellet form, the powder SRC 
can be made into a slurry with liquid, usually water, and 
then coated on the substrate followed by drying. Apply- 
ing the powder described above onto a monolith should 
result desirably in a loading of rhodium in total of 
0.15-1.0 wt. % on a finished substrate (based on the 
weight of the substrate). 

[0020] As discussed above, it is critical to the inven- 
tion properties that the rhodium is distributed generally 
as a substantially uniform mixture in the zeolite in two 
forms, i.e., (1) small metal particles and (2) ion-ex- 
changed into the zeolite. The rhodium particles, i.e., 
crystalline rhodium, are present in a larger amount of 3 
to 4 times by weight the amount of ion-exchanged rho- 
dium. The rhodium is may be incorporated into the cat- 
alyst by conventional techniques including wet impreg- 
nation techniques from soluble rhodium compounds. 
Water soluble compounds are preferred, including, but 
not limited to nitrate, salts. In addition to this incorpora- 
tion from a liquid phase, the rhodium may be provided 
by sublimation of rhodium chloride or other volatile rho- 
dium salts: by solid state exchange in the 300-500°C 
temperature range using labile Rh compounds. It is also 
critical that the zeolite is essentially free of other ion- 
exchangeable monovalent or divalent metal ions. If oth- 
er ion-exchangeable ions of low valence are allowed to 
be incorporated into the zeolite, we have found that they 
will undesirably replace rhodium ions ion-exchanged in- 
to the zeolite or compete for those cation ic positions. 
[0021] The inventors found that if a certain amount of 
rhodium was incorporated for ion-exchange, such as 
0.25-0.30% wt % Rh, it moved into the cationic sites 
where it remains anchored without aggregating as me- 
tallic particles under a wide range of conditions. We es- 
tablished that if more Rh is incorporated into the zeolite, 
the excess over the exchanged part aggregates into dis- 
crete particles of the noble metal. Hence, incorporating 
rhodium in the amounts required in the present invention 
leads to both ion-exchanged and metallic particles 
forms. The present invention SRC thus contains two 
kinds of active sites: small metallic aggregates which 



are particularly active in the lower end of the tempera- 
ture range and exchanged ionic sites which are partic- 
ularly active further up the temperature scale. 
[0022] The inventors also found that the anchoring of 

5 the rhodium by the zeolite and the associated chemical 
interaction stabilise the rhodium ionic form. This behav- 
iour was confirmed by following the electron paramag- 
netic resonance signal (EPR) associated with divalent 
Rh 2+ ions. In "ESR study of Rh/7-AI 2 0 3 and Rh/HZSM- 

10 5 promoted by Cu 2+ , Gd 3 *, and P0 4 3 -" by A.V. Kucherov, 
S.G. Lakeev, M. Shelef, Applied Catalysis B: Environ- 
mental 16 (1998) 245-254 we reported that the behav- 
iour of EPR signals originating from Rh 2+ and Gd 3+ - the 
latter serving as a generic trivalent stabilising additive, 

15 proves that the stabilising ions do not displace the ex- 
changed Rh 2+ ions. Conversely the EPR signals taken 
simultaneously from Rh 2+ and Cu 2+ ions indicated that 
the rhodium ions are displaced from the cationic posi- 
tions by the copper ions. 

20 [0023] The catalyst also includes a relative high 
amount of stabiliser, as compared to the active metal 
rhodium, for the zeolite: rare-earth ions having +3 or +4 
(preferably) or higher as a their primary ionic valence, 
especially the +3 valence ions. These ions stabilise the 

25 zeolite against dealumination thereby attenuating the 
deactivation by agglomeration of the active Rh 2+ ions 
which have been ion-exchanged in the cationic posi- 
tions. Without the stabiliser, in the presence of moisture 
i.e. under hydrothermal conditions, this portion (the ion- 

30 exchanged portion) of the metal aggregates and the 
higher temperature end activity of the SRC is gradually 
lost. 

[0024] The concentration of the stabilising rare-earth 
in the SRC in the powder or zeolitic pellets is from 2%- 

35 10% by weight of the zeolite; whereas on the finished 
substrate it is preferably 0.4%-3.0% by weight of the 
substrate, i.e., monolithic, finished body. The optimal 
amount to be present in the SRC depends on such fac- 
tors as: the steam content of the exhaust gas and the 

40. temperature range to which the catalyst may be ex- 
posed in use, and selection would be apparent to one 
skilled in the art in view of the present disclosure. While 
the inventors found that the most effective rare earth ion 
is La 3 * as the stabiliser, other ions from this series of 

45 elements, either individually or mixtures thereof, may be 
used including Ce, Gd, Pr, Y and still other rare earth 
ions. The reason that the stabiliser ion should preferably 
have the valence of +3 is that we have found that ions 
which have a lower valence have the tendency to re- 

50 place the rhodium ions, lowering the activity of the cat- 
alyst for reduction of NOx. The stabilising rare-earth, e. 
g., lanthanum, may be introduced to the zeolite most 
easily by impregnation from liquid phase or by solid state 
diffusion using a labile La compound. 

55 [0025] It was very important to establish whether the 
introduction of such a large amount of rare-earth stabi- 
liser would dislodge the exchanged divalent Rh ions 
from their cationic position. This was done by EPR of 
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Rh 2+ and we established that even when the La-ions 
are introduced first and the sample is calcined at 550°C 
before the introduction of Rh, the latter diffuses to the 
cationic positions and is anchored there as divalent ions. 
To further confirm the non-interference of the stabilisers 
we employed a stabilising rare earth, Gd 3+ , which is 
EPR-active. We established that in samples containing 
ca. 1 wt % Rh and ca. 5 wt % Gd the two EPR signals 
do not displace each other but are superimposed. This 
can be taken as direct proof that the rare-earth stabilis- 
ers employed in the present invention SRC do not dis- 
place the divalent rhodium ions from cationic positions. 

Example 1 

[0026] A SRC powder catalyst according to an em- 
bodiment of the present invention was made as follows. 
A 15 ml solution of Rh(N0 3 ) 3 , made of 7.4 ml of 0.01 36g 
Rh/ml stock solution plus 7.6 ml of water, was added to 
10 gram NH 4 ZSM-5 (SiO2/A! 2 O 3 =50 or Si/AI=25) from 
PQ Corporation, Valley Forge, Pennsylvania, to impreg- 
nate the zeolite with Rh to a loading of 1 wt. %. Although 
the measured incipient wetness of the zeolite required 
only 1063 micro-litre/g zeolite, or 10.63 ml/10 gram ze- 
olite, additional water was added to allow for ion ex- 
change. The resulting slurry was stirred overnight and 
dried in the oven at 50 C overnight. The dried sample 
was then calcined in air at 550 C for 5 hours. Subse- 
quently, 15 ml solution of La(N0 3 ) 3 x6H 2 0 (1.56g La 
(N0 3 ) 3 x6H 2 0 in 1 5 ml of water) was added to 1 0 grams 
of the Rh-ZSM5 material to stabilise it with 5 wt% La, 
based on the weight of the initial zeolite. After the La 
impregnation, the same drying and calcination proce- 
dure was repeated. The powder sample was treated at 
400°Cfor2hours in 10% hydrogen in helium carrier gas 
at a flow rate of 1 30 cc/min. 

[0027] The catalytic activity of this present invention 
SRC powder was tested by a temperature sweep meth- 
od. The reactor feed gas comprised 500 ppm NO, 4% 
oxygen, 1 200 ppm hydrocarbon as C 3 in nitrogen (C 3 H 6 / 
C 3 H 8 2), and balance helium. A flow rate of 1 25 cc/min 
feed gas was used for 40 mg powder sample. This is 
equivalentto 1 25x60/0.04 = 1 87,500 cc/hrxg of catalyst. 
Assuming that one g of the catalyst powder occupies 
the volume of 0.5cc, this is a very high space velocity of 
the order of 400,000 hr 1 . In an actual automotive cata- 
lyst the catalyst powder washcoat will occupy ca. 1/10 
of the total catalytic monolith which will make the equiv- 
alent automotive space velocity fall in the usual range 
of ca. 40,000. The catalyst temperature was ramped at 
a rate of 9°C/min from ambient to 550°C for the sweep 
test of NOx conversion. 

[0028] For ageing, this catalyst was operated in the 
described feed gas continuously for 24 hours at 350°C 
(in the absence of water). Fig. 1 shows the NO x conver- 
sion clearly reflecting the bimodal activity behaviour with 
an average conversion over 300-500°C temperature 
range of ca. 30 %. Fig. 2 shows the test result after age- 



ing on the upsweep and Fig. 2(a) on the downsweep. 
The main characteristics of the temperature sweep test 
remain unaltered showing the reproducibility of the con- 
version results. 
5 [0029] Another sample of the powder made in this ex- 
ample was tested with 5.3 % water in the gas stream 
(Fig.3). The general features of activity (bimodality, tem- 
perature range and conversion) were essentially repeat- 
able. 

10 

Example 2 

[0030] Preparation of pelleted La-Rh/ZSM-5 Catalyst 
(10 g sample containing ~1wt% Rh and -5 wt% La) 

15 according to an embodiment of the present invention. 
Substrate: H-ZSM-5, Si02/AI 2 0 3 = 30/1 containing 20 
wt% additional Al 2 0 3 as binder; substrate is rod-shaped 
(-1mm diameter, variable length 5-8 mm) obtained 
from Zeolyst International, Conshohocken, Pennsylva- 

20 nia. 

(a) 20g of the zeolite substrate pellets were added 
to a Rh(N0 3 ) 3 solution to impregnate/exchange the 
Rh. The nitrate solution was made of 1 .432g of Rh 

25 (N0 3 ) 3 stock solution (Alfa-Aesar, Ward Hill, Mas- 
sachusetts) 13.97 % Rh by weight) diluted to 45 ml 
with distilled water. 

(b) The zeolite in the nitrate solution was stirred for 
2 minutes (further stirring caused turbidity by abra- 

30 sion). The mixture was then left unstirred over the 
weekend. After 72 hours the sample was filtered 
and dried at 50°C for 4 hours, and dried again at 
120°C overnight. The sample was then calcined in 
air at550°C for 4 hours. 

35 (c) The Rh-impregnated sample(1 8.7g) was added 
to 30 ml solution containing 2.92g La(N0 3 ) 3 -6H 2 0 
and left unstirred (after brief swirling) for 4 hours. It 
was drained and dried at 55°C overnight. The sam- 
ple was then calcined again in air at 550°C for 4 

40 hours. 

(d) Sample Reduction: The catalyst sample was 
treated at 400°C for 2 hours in a stream of 1 litre/ 
min of 24% H2/N gas, and cooled to room temper- 
ature in the same gas stream. 

45 

Catalytic activity testing of pelleted specimens in an 
experimental reactor 

[0031] Feed gas composition: 1200 ppm HC as C 3 
50 (C 3 H6/C 3 H 8 = 2); 4% Oxygen; 500 ppm NO; 20 ppm 
S0 2 ; N 2 balance. Space velocity: 30000 hr -1 based on 
catalyst bed volume (mass hourly SV = 45 litre/g hr). 
Catalyst furnace temperature was ramped at a rate of 
5°C/min and catalyst temperature was measured by a 
55 thermocouple located at mid-bed. The results of the cat- 
alytic testing of the pelleted samples are presented in 
Figures numbered from 4-7. 

[0032] Figs. 4,5 indicate that NO conversion is repeat- 
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able and reproducible and exceeds 30% in the 
300-450°C temperature range. The presence of 20 ppm 
S0 2 in the gas does not influence this behaviour as 
shown on Fig. 6. Fig. 7 shows that the presence of 3% 
water also has minimal effect on the selective NO con- 
version of the pelleted catalyst. 
[0033] The main difference between the powder an 
pelleted catalysts is the absence of the double hump in 
the latter, possibly indicating an overlap in the activity 
temperature ranges of the exchanged and particles Rh 
in the case of the pelleted specimens. For practice the 
continuous broad activity range is preferable. 

Example 3 

[0034] This example describes the preparation of 
monolithic samples La-Rh ZSM-5 samples made ac- 
cording to an embodiment of the present invention. But- 
ton-shaped specimens (0.75 inch diameter, 0.5 inch 
long) cut out of monolithic cordierite catalyst supports 
having 400 openings per one square inch of cross-sec- 
tion were coated with the catalytically active material by 
dipping in a slurry of the ZSM-5 catalyst powder con- 
taining La and Rh and prepared according to the same 
procedure described in Example 1 and draining the ex- 
cess washcoat from the channels before drying over- 
night in an oven. The consistency of the washcoat slurry 
was adjusted so that the walls of monolith channels 
were coated with the porous zeolitic catalyst material 
and, at the same time, the channels were clear for the 
passage of the treated gas. The amount of catalytic ma- 
terial on the monolith substrate was determined by the 
difference in weight before and after th e coating and was 
20-30 % of the finished specimen after drying resulting 
in monolithic specimens containing 0.17-.30% Rh (by 
weight) and correspondingly five-fold amounts of La. 
[0035] The testing of the pre-reduced monolithic sam- 
ples in a stream of nitrogen containing 500 ppm NO, 
1200 ppm carbon (C) as propylene and propane in a 2: 
1 ratio, and 4% oxygen and a space velocity of 30,000 
hr 1 (relative to the volume of the whole monolith) gave 
conversions of NO in the 26-35% range at the optimum 
temperature range of 300-350°C. 

Example 4 

[0036] Preparation of pelleted Pr-Rh/ZSM-5 Catalyst 
(20 g sample containing ~1wt% Rh and -5 wt% Pr) ac- 
cording to an embodiment of the present invention. Sub- 
strate: H-ZSM-5, Si02/AI 2 0 3 = 30/1 containing 20 wt% 
additional Al 2 0 3 as binder; substrate is rod-shaped 
(-1mm diameter, variable length 5-8 mm) obtained 
from Zeolyst International. Steps: 

(a) 10g of the zeolite substrate pellets were added 
to a Rh(N0 3 ) 3 solution to impregnate the Rh. The 
nitrate solution was made of 0.71 6g of Rh(N0 3 ) 3 
stock solution (Alfa-Aesar, 13.97 % Rh by weight) 



diluted to 20 ml with distilled water. 

(b) The zeolite in the nitrate solution was stirred for 
2 minutes (further stirring caused turbidity by abra- 
sion). The mixture was then left unstirred over the 

s weekend. After 72 hours the sample was filtered 
and dried at 50°C for 4 hours, and dried again at 
120°C overnight. The sample was then calcined in 
air at 550°C for 4 hours. 

(c) The Rh-impregnated sample(9.47g) was added 
10 to 20 ml solution containing 1 .55g Pr(N0 3 ) 3 -6H 2 0 

and left unstirred (after brief swirling) for 4 hours. It 
was drained and dried at 55°C overnight. The sam- 
ple was then calcined again in air at 550°C for 4 
hours. 

is (d) Sample Reduction: The catalyst sample was re- 
duced at 400° C for 2 hours in a stream of 1 litre/min 
of 24% H^N gas, and cooled to room temperature 
in the same gas stream. 

20 Catalytic activity testing of pelleted specimens in an 
experimental reactor 

[0037] Feed gas composition: 1200 ppm HC as C 3 
(C 3 H 6 /C 3 H 8 = 2); 4% Oxygen; 500 ppm NO; 20 ppm 

25 S0 2 ; N 2 balance. Space velocity: 30000 hr * 1 based on 
catalyst bed volume (mass hourly SV = 45 litre/g hr). 
Catalyst furnace temperature was ramped at a rate of 
5°C/min and catalyst temperature was measured by a 
thermocouple located at mid-bed. The results of the cat- 

30 alytic testing of the pelleted samples are presented in 
Figures numbered from 8 to 1 0. 
[0038] Fig. 8 indicates that NO: conversion is repeat- 
able and reproducible and exceeds 30% in the 
260-380°C temperature range. The presence of 20 ppm 

35 S0 2 in the gas does not influence this behaviour ad- 
versely apart from shifting the optimal activity to some- 
what higher temperatures as shown in Fig. 9. Finally, 
Fig. 10 shows that the presence of 10% water, simulta- 
neously with the 20 ppm S0 2 flattens the conversion of 

40 NOx to around 20-25%, but this conversion is attainable 
over a wide temperature range which makes it signifi- 
cantly useful. 

[0039] The main difference between the powder an 
pelleted catalysts is the absence of the double hump in 
45 the latter, possibly indicating an overlap in the activity 
temperature ranges of the exchanged and particles Rh 
in the case of the pelleted specimens. For practice the 
continuous broad activity range is preferable. 

50 

Claims 

1. A catalyst useful for lean-burn exhaust gas treat- 
ment comprising: 

55 

(a) zeolite having a SiO^AI^ ratio between 
20 and 100; 

(b) rhodium in a total concentration of 0.3 to 5.0 
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wt.% based on the weight of the zeolite, the rho- 
dium being distributed in the zeolite in two 
forms: (i) small metal particles and (ii) ion-ex- 
changed into the zeolite, the amount of the rho- 
dium particles being 3 to 4 times the weight of 
the ion-exchanged rhodium, wherein said zeo- 
lite is essentially free of other monovalent or di- 
valent ion-exchangeable metal ions; and 
(c) rare-earth ions having +3 or higher as their 
primary ionic valence acting to stabilise the ze- 
olite, and being present in an amount of 2-10 
wt. % based on the weight of the zeolite and 
the rare-earth ions being at least 5 times the 
total weight of rhodium. 

2. A catalyst according to claim 1 , wherein said zeolite 
has a Si02/AI 2 0 3 ratio of 30-80. 

3. A catalyst according to claim 1 , wherein said rare- 
earth ions is selected from the group consisting of 
lanthanum, yttrium, cerium, and praseodymium, 
and a mixture of any of them. 

4. A catalyst according to claim 1 , wherein said zeolite 
is selected from the group of ZSM-5, pentasil ZSM- 
type zeolites, offretite, and mordenite. 

5. A catalyst according to claim 1 , formed into pelleted 
shapes. 

6. A catalyst according to claim 1 , deposited on a mon- 
olithic substrate. 

7. A catalyst according to claim 6, wherein the total 
rhodium is 0.15-1 wt. % based on the weight of the 
substrate. 

8. A catalyst according to claim 6, wherein the total of 
the stabiliser ions is 0.4-3 wt. % based on the weight 
of the substrate. 

9. A catalyst according to claim 1 , wherein said metal 
particles have, on average, a diameter of 10-55 na- 
nometers. 

10. A method for treating internal combustion engine 
exhaust gases containing hydrocarbons, carbon 
monoxide, and oxygen generated by a lean-burn 
engine, the method comprising: 

locating in the exhaust gas passage of a lean- 
burn internal combustion engine a selective re- 
duction catalyst as claimed in any one of the 
preceding claims; and 
exposing said exhaust gas to said catalyst. 



Patentanspriiche 

1. Ein fur die Magerverbrennungs-Abgasbehandlung 
nutzlicher Katalysator, der umfaBt: 

5 

(a) einen Zeolithen, der ein Verhaltnis SiOg/ 
Al 2 0 3 zwischen 20 und 100 besitzt; 

(b) Rhodium in einer Gesamtkonzentration von 
0,3 bis 5,0 Gewichtsprozentbasierend auf dem 

10 Gewicht des Zeolithen, wobei das Rhodium in 

dem Zeolithen in zwei Formen verteilt ist: (i) als 
kleine Metallpartikel und (ii) nach lonentausch 
in den Zeolithen hinein; wobei die Menge der 
Rhodiumpartikel 3 bis 4 mal das Gewicht des 

15 ionisch ausgetauschten Rhodiums betragt, und 

worin dieser Zeolith im Wesentlichen von an- 
deren monovalenten oder divalenten, ionisch 
austauschbaren Metallionen frei ist; und 

(c) Seltenerden-lonen, die eine primare ioni- 
20 sche Valenz von +3 oder hoher besitzen, zur 

Stabilisierung des Zeolithen wirken und - basie- 
rend auf dem Gewicht des Zeolithen - in einer 
Menge von 2-10 Gewichtsprozent voriiegen, 
und wobei die Seltenerden-lonen mindestens 
25 5 mal das Gesamtgewicht des Rhodiums be- 

tragen. 

2. Ein Katalysator gemaB Anspruch 1, in dem dieser 
Zeolith ein Verhaltnis SiCyAlgC^ von 30-80 besitzt. 

30 

3. Ein Katalysator gemaB Anspruch 1 , in dem diese 
Seltenerden-lonen aus jener aus Lanthan, Yttrium, 
Cer und Praseodym und einer Mischung irgendei- 
nes von ihnen bestehenden Gruppe ausgewahlt 

35 sind. 

4. Ein Katalysator gemaB Anspruch 1 , in dem dieser 
Zeolith aus der Gruppe aus ZSM-5 -Typ Zeolithen, 
Zeolithen vom Pentalsil-ZSM-Typ, Offretit und Mor- 

40 denit ausgewahlt ist. 

5. Ein Katalysator gemaB Anspruch 1 , der in pelletier- 
te Formen or Tablettenformen geformt ist. 

^5 6. Ein Katalysator gemaB Anspruch 1 , der auf ein mo- 
nolithisches Substrat abgelagert ist. 

7. Ein Katalysator gemaB Anspruch 6, in dem das ge- 
samte Rhodium - auf Grundlage des Gewicht des 

so Substrats - 0,15 bis 1 Gewichtsprozent betragt. 

8. Ein Katalysator gemaB Anspruch 6, in dem die Ge- 
samtmenge des Stabalisatorions - auf Grundlage 
des Gewichts des Substrates - 0,4 bis 3 Gewichts- 

55 prozent betragt. 

9. Ein Katalysator gemaB Anspruch 1 , in dem diese 
Metallpartikel im Durchschnitt einen Durchmesser 
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5. Catalyseur selon la revendication 1 , fagonne sui- 
vant des formes de pastilles. 

6. Catalyseur selon la revendication 1 , depose sur un 
5 substrat monolithique. 

7. Catalyseur selon la revendication 6, dans lequel le 
rhodium total represente 0,15 a 1 % en poids sur la 
base du poids du substrat. 

10 

8. Catalyseur selon la revendication 6, dans lequel le 
total des ions du stabiliseur represente 0,4 a 3 % 
poids sur la base du poids du substrat. 

15 9. Catalyseur selon la revendication 1 , dans lequel 
lesdites particules metalliques presentent un dia- 
metre de 10 a 55 nanometres en moyenne. 



von 10-55 Nanometern aufweisen. 

10. Ein Verfahren zur Behandlung von Kohlenwasser- 
stoffe, Kohlenmonoxid und Sauerstoff enthalten- 
den, durch einen Magerverbrennungs-Motor er- 
zeugten Verbrennungsmotor-Abgasen, wobei das 
Verfahren es umfaBt: 

einen selektiven Reduktionskatalysators ge- 
maB einem der vorstehenden Anspruche im 
Abgasdurchgang eines Magerverbrennungs- 
Verbrennungsmotors anzuordnen; und 
dieses Abgas diesem Katalysator auszuset- 
zen. 



R eve ndicat ions 

1 . Catalyseur utile pour le traitement de gaz d'echap- 
pement d'une combustion en melange pauvre 
comprenant : 

(a) une zeolite presentant un rapport SiOg/ 
Al 2 0 3 entre 20 et 100, 

(b) du rhodium a une concentration totale de 
0,3 a 5,0 % en poids sur la base du poids de la 
zeolite, le rhodium etant reparti dans la zeolite 
sous deux formes : (i) de petites particules de 
metal et (ii) apres un echange d'ions dans la 
zeolite, la proportion des particules de rhodium 
etant 3 a 4 fois le poids du rhodium ayant fait 
I'objet d'un echange d'ions, ou ladite zeolite est 
essentiellement depourvue d'autres ions me- 
talliques monovalents ou divalents pouvantfai- 
re I'objet d'un echange d'ions, et 

(c) des ions de terre rare presentant une valen- 
ce ionique primaire de +3 ou plus agissant pour 
stabiliser la zeolite, et etant presents dans une 
proportion de 2 a 1 0 % en poids sur la base du 
poids de la zeolite et les ions de terre rare re- 
presentant au moins 5 fois le poids total du rho- 
dium. 

2. Catalyseur selon la revendication 1 , dans lequel la- 
dite zeolite presente un rapport Si0 2 /Al 2 0 3 de 30 a 
80. 

3. Catalyseur selon la revendication 1 , dans lequel 
lesdits ions de terre rare sont choisisparmi le grou- 
pe constitue du lanthane, de I'yttrium, du cerium et 
du praseodyme, et d'un melange de n'importe les- 
quels d'entre eux. 

4. Catalyseur selon la revendication 1 , dans lequel la- 
dite zeolite est choisie parmi le groupe de zeolites 
du type ZMS-5, de zeolites Pentasil du type ZSM, 
de I'offretite et de la mordenite. 



10. Procede de traitement des gaz d'echappement d'un 
moteur a combustion interne contenant des hydro- 
carbures, du monoxyde de carbone et de I'oxygene 
generes par un moteur a combustion en melange 
pauvre, le procede comprenant : 

le positionnement dans le passage de gaz 
d'echappement d'un moteur a combustion in- 
terne a combustion en melange pauvre d'un ca- 
talyseur de reduction selective selon I'unequel- 
conque des revendications precedentes, et 
I'exposition dudit gaz d'echappement audit ca- 
talyseur. 
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